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PRESEXT METHODS of spraying for the eontrol of 
JT the codling moth in apples and pears in many sec- 
tions of the United States frequently result in an arseni- 
cal residue on the fruit in excess of the world tolerance 
°* one one-hundredth grain arsenie trioxide per pound 
of fruit. Oil or linie-suTphur in the spray usually makes 
it more difficult to remove this residue, while lime in the 
spray facilitates removal. 

Dry-cleaning methods generally can not be depended 
upon to remove consistently over 30 per ecnt of the 
residue from apples. They also involve danger of 
meehaiiieal injury to the fruit, especially pears. Cloths 

frc uentT USGd hl elcaning sl,ou1 ^ be changed 

The use of chemical solvents has been found the most 
satisfactory method of removing arsenical residue 
Commercial hydroehlorie acid at the rate of 1 to 1 gal- 
lons per 100 gallons of water has generally proved most 
satisfactory. Exposing the fruit to the aefd wash for 
one-half minute to five minutes, depending upon the 
type of equipment used, is recommended. A method of 
testing the acid strength is given. It is desirable to 
enange the acid solution daily or after 1,000 bushels of 
truit has been washed. Concentrated hydroehlorie aeid 
is very eorrosive and must be handled with eare. 

Alkaline solvents arc used in some eases, usually at 
a temperature of 100° F. or above. Washing fruit with 
these, however, subjects it to greater danger of injury 
than washing it with hydroehlorie aeid. J 3 

I he efficiency of the acid solution is increased by 
warming it to a temperature of 80° to 100° F With 
truit that is especially difficult to clean, a special tync 
of kerosene emulsion added to the aeid solution giVes 
good results. The addition of 1 to 3 per cent of salt 
also increases the effieieney of the aeid solution 

lhorough rinsing and eareful handling of the fruit 
tM trlXa llC c }} an ^8oH the aeid solution are essen- 
tial in safeguarding the fruit against injury. It i s not 
neecssary to dry the fruit, although ren oving some of . 
wrapped m ° 1SlUre faeilitates ^'hen fruit t 

Two simple types of homemade washing couinnient 
arc described 1 he cost of washing varS o? " " 

fruit* h-mdtd' Sf "Hi" 8 U,r S e,y U P°" the quantity o 
gW? U SSi g**i t2— ran'ce^of 
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INTRODUCTION 

CONTROL OF THE CODLING MOTH has become essential in 
the production of marketable apples and pears in practically 
all deciduous-fruit districts of the United States,'and thorough spray- 
ing with lead-arsenate has been for many years the accepted control 
method. Apples and pears sprayed with lead arsenate bear at harvest 
time an arsenical residue, and this residue must be removed in the 
interest of public health. 

The provisions of the Federal food and drugs act of 1906, a<= 
administered by the United States Food and Drug Administration 
and as accepted by most public-health authorities, do not permit an 
arsenical residue of more than oue one-hundredth grain of arsenic, 
in the form of arsenic trioxide, per pound of fruit. This limit is 
commonly called the world tolerance for arsenical residue. 

In some districts, particularly in the arid sections of the Pacific 
Northwest, it has been found desirable to supplement lead arsenate 
with other sprav materials because of the increasing difficulty of 
controlling the codling moth and in order to reduce the arsenical 
residue carried by the fruit without diminishing the effectiveness of 
pest control. 

This bulletin proposes to bring together the latest information 
thus far obtained from experimental work and practical experience 
on effectively and safely removing spray residue from apples and 
pears. It is possible, however, that investigations now being con- 

1 The following persons took part In the resenrch upon which this bulletin Is based nnd 
In assembling tie Information that it contalng. and their assistance and advice are 
appreciatively acknowledged : D. F. Klsher, Uenry llartman, \\. T. Pentzer, J. R Harness 
U 1) Kzell E \j Reeves, and L. A. Fletcher, of the Division of Horticultural ( rops nnd 
Diseases. Uureau of Plant Industry, and J. E. Kahey, of the Insecticide Division. Bureau of 
Chemistry nnd Soils, U. S. Department- of Agriculture. 
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ducted by the United States Department of Agriculture and other 
agencies eventually may develop still more efficient methods than 
those described herein. 

Commercial fruit cleaning has been carried on in some fruit see 
turns for several years, and the consensus of progressive opinion 
regardmg this praet.ee is that wh«, properly done it improves he 
appearance of the fru t, often makes sorting and gradm. easier 
does not injure the frmt, and may improve its keeping q.mTitS ' 

RELATION OF SPRAY-RESIDUE REMOVAL TO SPRAYING PRACTICES 

thiTte f ° r clcanin , g S V™y residucs from th e fruit should start with 
the beginning of the spraying program in the spring. It may be 
durable to arrange if possible for coordinated sprmyW and f?u£ 

t ^X Sll ?r V1S10n , thl *° l,gh th ° 1Hcdiu,n of thc horti'ciilfiira ns, ec- 
o. s office the county agent, or some similar agency. In this way 
he general directions given in bulletins may be adapted to TperiS 
needs of a particular .section and the fruit industry may be equhmed 
to do the fruit cleaning under a definitely planned pro- am his ead 

ahvavl'hf * *°W int,iV , iflUal » rOWer > whi * e i«f«Sr« 
tl \c ' £L J \ " tC °W yh ° not ^terpret that information to 

L^ t a i agC i Cooperative action or community effort may 
bus solve the broad problem, although actual details of fruit clean 
mg must be carried out by individuals. 

It is not possible to determine accurately the eleanin" treatment 
required by the fruit without some preliminary tria hZltt c ie,ni 
eal determination of the residual arsenic on the cleaned fruit A 
number of important variables may affect' thc> qiSy and char 
acter of the spray residue on the fruit at harvest Sine AmonL 5 m 
are varietal d.fferences; concentration of the le S nrtwte , £™ 
' metlSanX^f"^ in 7. mbi »«tion with lead aisenate l e 

following order of decreasing difficulty of cleaning either bv was 
Z \*L%vTW Empi % S ^» h »^ Arkansas X? S 

to aid tk > Jrowe ThmG .^m^om are usually designed . 
load |j?«£r^f »£^^^ ^ * 

wes? Iw"! fniit -g ro 7 in ^ sections > Sllch as the Pacific North- 
nto 'n £fn t ^- arS T 51 ^ more than tlirec times with lead arsen- 
u ually w 1? Si" 8 ° f not ,? v< -'- 21 / 2 Pounds to 100 gallons of wTter 
53y 11 f^ 1 "^. treatment in order to reduce con- 
sistently tlic quantity of arsenic in the spray residue below the world 
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tolerance for arsenic. The larger the number of applications and 
the later in the season these applications are made, the greater will 
be the quantity of spray residue on the fruit at harvest time. 

In the Eastern and Middle Western States, because of the great 
variation in local conditions, it is difficult to determine from the 
number of spray applications the amount of residue that will be on 
the fruit when it is harvested. The amount of rainfall and the time 
of applying the arsenical spray material are the predominating fac- 
tors in* determining the amount of residue. Therefore, to avoid 
uncertainty, it is very desirable to have a chemical analysis made 
to determine the amount of spray residue. Fruit carrying the 
heaviest residue should be selected as the sample for analysis so that 
the grower may know the worst about his crop. Different varieties, 
as well as lots that have received different spray applications, should 
be analyzed separately. 

It should bo emphasized that omitting late sprays or applying 
reduced amounts of spray material in an attempt to avoid the neces- 
sity of fruit washing may result in heavy losses from wormy fruit, 
especially in sections where late-brood infestation is severe. 

It has been suggested that arsenical dusts be substituted for liquid 
sprays in order to lessen the fruit-cleaning problem, and in some 
cases with the hope that washing would not then be necessary. In 
the arid Pacific Northwest districts dusting is of little value in pest 
control; but even where it can be employed it generally does not 
facilitate residue removal. The greatest difficulty has been a greater 
lack of uniformity in distribution of residue on the fruit where dust- 
ing has been tried than in the case of liquid sprays. 

Growers using combination lcad-arsenate mineral-oil sprays should 
apply the material soon after it is mixed and not allow it to stand 
in the tank or in the pipes of a stationary spraying outfit. Very un- 
even spray residues may result from such delayed application and 
can be removed only with the greatest difficulty. 

Even when spraying is thorough the residue load on fruit taken 
from different parts of the same tree will show some variation. 
Rainfall or the use of an overhead-sprinkling system for irrigation 
may cause a heavier deposit on fruit in the lower portion of the tree 
because of washing from the upper portions. The drip occurring 
during the application of spray material is also responsible to a con- 
siderable extent for the greater residue load on the lower fruit. 
When rain or sprinkling water falls directly on the fruit there may 
be a weathering effect and a reduction in the amount of residue. 

The important point in connection with this uneven spray deposit 
is that although the average residue load on apples or pears from 
a given tree may be relatively low. and so meet the requirements ot 
the food and drugs act, it is the individual fruits with heavy de- 
posits that often cause trouble. The regulatory officials, in sampling 
for spray residue, consider as one factor in forming their judgment 
the fruit showing the heaviest spray residue ; therefore, a small 
quantity of fruit bearing considerable spray residue may endanger 
the marketability of a whole carload. 

The use of spreaders with lead-arsenate spray has not made mc 
residue easier to remove by washing, unless the spreaders contain 
hydrated lime, nor has it materially reduced blotching on the fruit. 
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adhesive qualities. . The P V £enee or atenee^f c et nhvt^' Inlead 

When mineral oils with low volatility and with a viscositv of nhnnt 
80 seconds Saybolt or more are nsed with or ifL ?7w e*?L,s of 
lead arsenate, the combined residues generally \™rS with clLn 
ing fruit by either dry or solvent methods 

wSfe 0n th 0f rt COmb i Ued T** is ^ -me W prior ^ 
hanest and if the lead-arsenate residue on the fruit is not excessive 
In the Pacific Xorthwest the last application of combination le d ' 
W,™ G m T ^ r8, -« ,1 .«P™y should be made at least six weeks bef re 
harvest. It is possible, through the proper Use of mi eral oik *ns 
spray material to reduce the quantity of lead arsSaS required f^ 

brood spray applications and is not nsed in 2 • thai two snn v«" 
the frmt can generally be cleaned without S fa^SS 
in^udo n n ,S S ;«> ho ^»».it may be necessary to CnTtL cSJfn 
K<*fv 5;inf?f?n soniP . ,nd ' c »t»r t'"'t the alkaline solvents are 
IrS^tVrays * reS,d ' ,eS ° f C ° mbined fish - oil lead - 

s^^waW^K^ ^. Bord ^^^re with lead-arsenate 

rijaroctuoric acid is the solvent used in wash ng. The addition of 
1 or 2 pounds of hydrated lime to each 100 gallons of s. niv in tl 
ast two applications will facilitate residue remova and may reduce 
the arsenical calyx injury that often occurs in some district" beea se 
of the formation of water-soluble arsenic. Heavy lime "pravs Ssed 

elvel h wit\ a \ 0 dU n urhvd l ° T* 1 ™ ^ 

acid do not %l ill Mrocliloric-ac.d wash. Solvent! other than 

in combinadfntp'^yr 61 " 0 " reS " ,UeS ° f U ™ ° r B ° rdeaUX mixture 
Eemoving lime-sulphur from fruit has been found difficult For- 

RELATION OF MATURITY TO FRUIT CLEANING 
wiS'XScan'L*^ frUi i t K iaS 8 markt>(1 infl,le » ce on « re facility 
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development of waxy or oily materials on the surface of the fruit, 
which makes satisfactory cleaning difficult, apparently takes place 
throughout the growing season, but becomes very noticeable after 
harvest, particularly on some varieties of apples, such as Winesap, 
Arkansas {Mammoth Black Twiff), Arkansas Black, and Paragon, 
as the fruit approaches a ripe condition. 

"Washing immature fruit before the lenticels or pores have been 
closed with corky tissue may result in injury, particularly in varieties 
such as Jonathan apples or Bartlett pears. If it is necessary to 
increase the strength of the solvent, or to warm it, or to prolong the 
exposure of the fruit to the cleaning solution, there is danger of 
serious damage through spotting or cracking of the skin. 

As the maturing fruit becomes softer it is also more subject to 
injury by mechanical means and therefore more liable to the devel- 
opment of decay. The sooner the fruit is cleaned after being picked 
the more easily the cleaning can be done and the less the risk of 

damage. .... , c 

In any event, fruit should be cleaned while it is still hard or nrui. 
In order to accomplish this the following practices should be followed : 
(1) Harvesting at the proper stage of maturity; (2) coordinating 
the picking and packing operations so that the fruit will be cleaned 
and packed as soon as possible after it is harvested; (3) holding the 
fruit in the coolest space available, preferably in cold storage, if 
cleaning and packing are unavoidably delayed. 

CLEANING FRUIT BY WIPING OR BRUSHING 

The first commercial efforts to remove spray residue from apples 
and pears were made with dry-cleaning methods, such as brushing 
or wiping with cloths. These methods seemed the most simple and 
convenient and did not involve many changes m the methods of 
handling the fruit. Figure 1 shows one type of dry-cleanine ma- 
chine. Experience has shown, however, that when cost, relative 
cleaning efficiency, safe handling of the fruit, and tonnage capacity 
are considered, the best dry-cleaning methods are invariably less 
economical and less satisfactory than suitable washing methods for 
the removal of spray residue. However, if fruit is cleaned primarily 
to improve its appearance by removing dust and by polishing, diy 
cleaning is satisfactory if done with proper care. 

Lack of efficiency in dry-cleaning methods is revealed by the ie- 
sults of hundreds of analyses, which indicate that brushing or wiping, 
under the best conditions, does not consistently remove from apples 
more than about 30 per cent of the original quantity of spray 'residue 
when the residue on uncleaned fruit is not more than 0.04 grain of 
arsenic trioxide per pound. With heavier original deposits the pio- 
poSnate Lount removed may be greater, but the absolute amount 
left is often considerably above the world tolerance. 

More than half of the arsenical load on apples generally is earned 
in the calyx and stem ends. Dry cleaning can not effectively remove 

his residue, which is included in the analysis, Brushing or wiping 
may, in some cases, actually nib the residue into the waxy coating 
of the fruit and add more residue to some of the fnnts than they 
bore originally, especially if the cleaning equipment itself is not 

kept properly clean. 
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T°« <*^D dp « lw 1 r 3' cleaning equalizes the amount of spray 
residue on different apples m the same lot. Therefore, while AS 
with large ongmal deposits may become cleaner under tie treatment 
those ! with small original deposits may have more residue added 
The brushing or wiping will entirely remove only a relatively small" 

Repeated dry cleaning with the same equipment has not materially 

Mas?* of residne M ™ Zt 

Attempts to increase the father limited capacity of dry-cleanhi" 
machines by hurrying the fruit through them general!? result in 




F.ocitE l.r-Drj-cUaning mmtttM -»lr.« rli-tli wipers 



improper cleaning and increase the possibilities of injury to the 

tothe larU f£it Pro unif< ?™/^ning results with le4 damage 
no alwav? easv ,nSW, 1 | <1,US,InPnt ° f dr y cle ^S equipment Is 
othei Sage J ' * liK * CM " ™»siderable bruising and 

whTnh thfl n % ° f ° l0th , wipers is determined largely by the rate at 
dtntsof iTLTVu^*} 1 ? T MllC - ^ th * leanness and 
faces Th effic t cv / by l Ult , able ad J"stment of the cleaning sur- 
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iency, their proper adjustment in the machine, and the rate at which 
the fruit moves through the machine. 

Using solvents to clean cleaning cloths or brushes while they are 
in the machine is not satisfactory. Changing the cloths or hrushes 
at least even* two hours is essential under ordinary commercial con- 
ditions. Some packers discaid the old cloths and replace them with 
new ones; others launder or steam clean the soiled cloths before 
using them again. Soap and hot water or gasoline are usually avail- 
able and are effective for cleaning the brushes, especially if applied 
with a scrubbing brush. At least one extra set of cloths or brushes 
for replacement while the used ones are being cleaned should be 
provided. 

A suction device for constantly removing loose dust and residue 
particles from the machine will help materially in keeping the 
equipment clean. 

Under commercial handling and storage conditions there will be 
very little loss from excessive wilting of the fruit after dry cleaning. 
However, there is a possibility of loss from slack packs if such fruit 
is held in storage with a low air humidity. The best relative 
humidity for apple and pear storage is about 85 per cent. 

From the viewpoint of handling, the dry cleaning of pears is gen- 
erally much less desirable than washing. This is also true to a lesser 
degree for the more tender skinned apples, such as the Winter 
Banana. Some types of dry-cleaning equipment are entirely un- 
suited for pears. In general, *iiy method that subjects fruit to much 
rolling or contact with parts of the equipment or with other fruit is 
likely to cause mechanical injury. The use of roller conveyors for 
certnin varieties of pears is also dangerous. The bristles of brush 
cleaners may puncture the surface of the fruit and allow decay to 
start. 

Hand wiping with sponges or dry cloths or with cloths dampened 
with water or other solvent liquids is not effective in removing spray 
residue, and the cost of such a procedure is generally prohibitive. 

Oil-soaked rags have been occasionally used in dry-cleaning equip- 
ment. Although they impart a high polish to the fruit, they are 
usually not so effective as dry cloths in removing residue. 

CLEANING FRUIT BY SOLVENT METHODS 

Several years' experience has shown that arsenical residue can be 
removed from apples and pears most effectively, cheaply, and safely 
by the use of some chemical solvent for the lead arsenate. Hydro- 
chloric acid (commonly termed " muriatic acid ") has been found the 
most satisfactory of all the solvents tested. 

Alkaline wasfies have also been used and are quite effective, but 
because of the solvent action of some of the alkaline materials on 
the waxy coating of the fruit their use is often not entirely free from 
danger of wilting or injury to the fruit. Alkaline washes are gen- 
erally not very effective in removing residue of sprays containing 
lime, and an acid wash is to be preferred. 

It can not be assumed that any particular washing treatment will 
clean all fruit regardless of its previous treatment in either spraying 
or harvesting. Every fruit-cleaning method has its limitations. 
70470°— 31 2 
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The sprays used, as well as their manner of application, mav mate- 
rially modify the facility with which anv method will remove spray 
residue. J 

Spraying with solvents for arsenical residues while the fruit is still 
on the tree has been attempted, but has not been found effective in 
cleaning the fruit and may cause serious injury to the fruit and the 
tree, as well as to the spraying machinery. Water alone has but 
little solvent action on arsenical sprav residues, and sprayin<* with 
water or even with sou]) and water just before picking has invariably 
proved disappointing. J 

Any washing method that applies the solvent solution to the fruit 
by diffused spray, flood wash, or flotation, or by a combination of 
these, with or without brushes to scrub the fruit, ordinarily o-j V es 
.satisfactory results where necessary precautions are observed.* & 

The ultimate choice of a machine for washing fruit will o-enerally 
be influenced by the initial cost of the equipment, the cost of opera- 
tion per unit of fruit, the suitability of the equipment to local condi- 
tions, its adaptability to the space available, and particularly to the 
general mechanical and cleaning efficiency of the machine, as well 
as the absence of possibility for dnmage to the fruit. 

To prevent the contaminated acid solution from penetrating into 
the core of the fruit and thereby bringing about decay, machines 
that use either the direct jet spray or submerge the fruit 4 to C inches 
or more below the surface of the washing solution should be avoided, 
particularly for apple varieties that frequently have open calyx 
tubes I hese include Jonathan. Esopns Spitzenbnrg, Stayman Wine- 
sap, Ortley, White Peanniiin, and sometimes Delicious. Such types 
of machines are no longer manufactured commercially and should 
not be constructed by the grower. Immersing the fruit in the clean- 
ing solution while in boxes is open to the same objection as other sub- 
mersion methods. 

A certain amount of agitation is essential in obtaining the great- 
est efficiency of the dipping method. A slight turning motion of 
tlie fruit increases cleaning efliciency in most commercial washing 
machines of the spray or flood tvpe, but this should not be of such 
a character as to brmse or injure the fruit. Pears are best handled 
by conveyors causing a minimum of .motion of the individual fruits, 
this may require the application of the solvent from diffnscd-spray 
jets above and below the conveyor in order that the fruit may be 
covered with solvent on all sides. 

" Prewashing " the fruit with water or very dilute solvent ordi- 
narily adds very little to the cleaning efficiency of the operation 
and is not recommended. Its chief effect is to remove dust and 
spores of fruit-rot fungi, which are satisfactorily removed by ordi- 
nary methods of washing. A distinct disadvantage in the use of 
the prewash is the constant dilution of the solvent in the washing 
equipment by carry-over from the prewash. The same dilution may 
occur when wet fruit is washed. 

The strength of the solvent solution should be tested often, the 
frequency depending upon the conditions prevailing dnrino- the 
treatment. Testing the concentration of the acid washing solution 
every hour has been found necessary in some cases where such mate- 
rials as lime or .Bordeaux mixture are being removed, because of the 
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chemieal neutralization of the acid by these materials. Note should 
be kept of the acid strength, analyses, and other pertinent informa- 
tion obtained during the washing process, not only to keep the fruit- 
cleaning operation of the current senson at highest efficiency but also 
to obtain a record which may be useful in planning the spraying and 
fruit-cleaning programs of subsequent seasons. Directions for test- 
ing the hydroctiloric-acid solution are given on page 10. 

WASHING WITH HYDROCHLORIC ACID 

For removing arsenical spray residues the commercial or technical 
grado of hydrochloric or muriatic acid is used. The acid should 
test 20° Baume, which is equivalent to about 32.1 per cent aetiml acid. 
A slight yellow tinge 
in the acid indi- 
cates certain impuri- 
ties, which, however, 
do not detract from 
its value as a clean- 
ing agent. 

The aeid may be 
purchased f r o m 
chemical companies 
in 10 to 20 gallon 
carboys, protected by 
wooden cases, at a 
cost varying from 
about 10 to 40 cents 
a gallon, depending 
on the quantity pur- 
chased and on the 
distance that the 
cheinieal has to be 
shipped. 

Concentrated hy- 
drochloric acid is 
very corrosive and 
must bo handled with 
care. It will attack 




Figure 1'. — Carboy-tlltliiK Triune to old In pouring con- 
centrated aclil from the large carboys 



cloth, leather, and 
some metals unless 
quickly washed off 
with water or neu- 

tralized by soda, lime, or some other alkaline snbstanee. Therefore, 
where acid is used for washing fruit, it is desirable to keep on hand 
a quantity of hydrated lime, carbonate of lime, or common baking 
soda to be used in case of accident. 

If the aeid is kept in the earboy, a tilting frame (fig. 2) will be 
found convenient in pouring it into a smaller container, whieh should 
be of glass, porcelain, enamel, or earthenware, preferably in single or 
multiple gallon dimensions. Great eare should be taken in pouring 
the concentrated aeid to keep it from splashing, particularly in drops 
that might injure the eves. The fumes of concentrated acid are irri- 
tating to the throat aiid nasal passages, therefore eare should bo 
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taken to avert the face somewhat when pouring acid into an open 
container. 

Acid siphon pumps are very useful for transferrin"; the concen- 
trated acid from carboys to smaller containers with a minimum of 
inconvenience and danger. However, the pump should be removed 
from the carboy after use, to prevent the acid being accidentally 
siphoned out of the carboy. 

Proper washing of apples and pears generally requires a solution 
of at least 1 gallon of commercial hydrochloric acid to 100 gallons 
of water. For average lots of fruit with no particular sprav-inaterial 
complications, 2 to 3 gallons of commercial acid to 100" of water 
usually are enough. Use of solutions of more than 4 gallons of acid 
to the hundred is not recommended, because the increase in cleaning 
efficiency is generally not proportionate to the additional quantity 
of acid used, and it may considerably increase the cost of washing. 
The use of such high acid concentrations also places a relatively 
greater burden on the rinsing section of the washing equipment, and 
this burden is ordinarily not provided for in the construction of the 
machines. 

A certain amount of the acid solution is carried away on the 
fruit as it passes through the washer. This loss should be replen- 
ished from time to time from a storage barrel filled with clowning 
solution of proper strength and arranged to stand beside or over 
the washing machine. If this loss and the volume of the washing 
tank are known, the additional acid and water may be addecl 
directly to the tank, but this is ordinarily not so convenient as is 
the method mentioned above. 

1'KKPAItATIOX ANI> TEST1NO OF THE AC1I) SOLUTION 

Table 1 is designed for use in connection with the preparation of 
the acid solution. It may be used either in making up the fresh 
solution or in increasing the acid strength of the partially spent 
solution to the desired strength. 

Table l.—Qimntitim of 20" Itnumc commercial hydrochloric acid {containing 
about 32 per cent actuat acid) to be uxcdt in preparing solutions of desired 
strength ' 



Acid 
Rolution 
desired 



Quantity of acid to make indicated quantity of solution 



Per cent 
0.05 
.10 
.20 
.30 
.40 
.50 
.CO 
.70 
.80 
.90 
1.00 
1.25 
1.50 
1.75 
2.00 
2.50 



100 gallons 



It. 
1H 

ft 

1 

iH 
o 

<A 

l 

Hi 
o 

'A 

l 

n\ 

0 
0 

a 



150 gallons 



On: 
0 
0 

o 
l 
i 

2 
2 
3 
3 
4 
4 
5 
7 
8 
9 
11 



It. 
0 

iH 
l 

H 

s 

H 

o 

IX 
l 

iH 
Hi 
o 



200 gallons 



Oaf. 
0 
0 
1 
1 
2 
3 
3 
4 
5 
5 
6 
7 
9 
10 
12 
15 



It. 

H 

1 
o 
l 

0 

1 

M 

l 
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Tlie strength of the acid solution may be to.-ted during the wash- 
ing process by a simple titration method. The equipment necessary 
for this determination may be obtained in most drug stores or can 
be purchased directly from dealers in ehcinietil supplies. The test 
requires one 10 c. c. (cubic centimeter) bulb pipette, one 10 c. c. 
measuring pipette of the Mohr type (graduated to 0.1 e. c), two 
ordinary glass tumblers, and a standard solution of sodium bicar- 
bonate consisting of 23 grams of sodium bicarbonate to 1.000 c. c. 
of water and containing methyl orange indicator sufficient to give 
a good yellow color. The total cost of the apparatus and solution 
is generally about $1. 

To determine the strength of the acid solution, use the following 
procedure : 

Take n glassful of dilute acid Solvent from the washing solution, nnd from 
tills take a 10 e. c. sample ti? niton* of suction on tin- ltnlb pipette, allowing the 
excess to flow from the pipette until tile liquid is even with the mark on the 
up;>er stem, indicating that tile ]>l|K'tte contains 10 c. e. of solution. Allow the 
measured solution to drain into the second glass. Fill tiie graduated niensnr- 
inji pipette with standard sodium bicarbonate solution, adjusting tiie level of 
the liquid to the 0.0 c. c. mark; then allow the bicarbonate solution to flow 
slowly from the plirt'tte Into the measured sample of ncid solvent, ail the while 
gently agitntlng the latter by simklag the glass or stirring tiie liquid with n 
glass rod. As soon as the color of the add solution changes from red to yellow 
note the number of cubic centimeters of soda solution that have been used. 
This number divided by 10 will give directly the i>crcentngc of actual hydro- 
chloric acid in the solution iieing tested. For example, if <>.4 c. e. of the stand- 
ard sodium bicarbonate solution is used to neutralize 10 c. c. of acid, the 
strength of the acid will be O.tU per cent by weight. ' 

To increase this 0.G4 per cent solution to 0.75 i>er cent, for example, it is 
necessary to ndd acid to make up the difference of 0.11 i>cr cent. By referring 
to Table 1 it will lie noted that to make 100 gallons of solution having an acid 
strength of 0.10 per cent, 1 quart l A pint of 1*0° lJanine commercial hydrochloric 
ncid is required. The quantity of commercial acid to be added to 100 gallons 
of water Is, therefore, one and one-tenth times 1 quart Vz pint, or 1 quart 1% 
pints. For larger quantities, calculations should be made on the basis of the 
other figures given in tiie table. It is readily apparent that the procedure for 
making up a fresh solution of u given strength will be somewhat simpler. 

The bulb pipette should lx> used only for measuring the acid .solu- 
tion, and it should always be first rinsed with some of the acid to be 
tested. The measuring 'pipette should be used only for transferring 
the standard soda solution to the sample of solvent to be tested. 

It will be found useful to keep a permanent record of the acid 
tests and other data, and for this purpose the following form is sug- 
gested. On the reverse side of this form may be printed general 
fruit-cleaning suggestions. 

Frcit-Cikanino IteroKD 
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The time required to clean fruit satisfactorily depends upon a 
number of factors, such as the variety and maturity of the fruit 
the amount of residue on it, and the concentration, temperature ami 
method of applying the acid solution. 

■ ^ using flotation P ft ddle washers, such as the one described in detail 
in this bulletin (p. 22) exposing the fruit to the cleaning solution 
for 3 to 5 minutes is sufficient. In using a dipping method in which 
there is little agitation of the solvent, five minutes of exposure is 
genially required. Wh« the solution is pumped or thrown over 
the fruit in the modified dipping tank an exposure of 2 to 4 minutes 
is usually sufficient. In the commercial washing machines 30 to 60 
seconds of exposure usually suffices. Prolonging the exposure be- 
yond the times mdieated does not generally result in marked im- 
provement in cleaning efficiency, although soaking the fruit in the 
acid solution may result in slightly greater removal of residue 
through mechanical loosening of dust and residue particles 

I he acid solution and the rinse tanks should be emptied at least once 
a day or after about 1,000 bushels of fruit has been cleaned, and an 
abundance of fresh water should be used to clean them; if necessary 
they should be scrubbed on the inside. If live steam is available it can 
be utilized to disinfect the machines and kill accumulated spores <>f 
rot fungi, t ormaldehyde may also be used as a disinfectant. It may 
be put into the washing solution and the rinse water at the end of the 
day, 1 pint of commercial formaldehyde to 100 gallons of water, cir- 
culated through the machines, and allowed to remain in the tanks 
over night. If the tanks and machines are thoroughly cleaned and 
flushed with fresh water this treatment will not be necessary. No 
practicable method of disinfecting the fruit during the short period 
of the washing process has been found. 1 

When the acid-solution tanks are emptied the waste acid should 
be drained away from stonework, concrete, brick, or iron pines) 
which it will attack and corrode in dilute solution. The used solu- 
tion should be kept out of irrigation ditches and away from trees 
and other useful plants. A sand pit is an ideal depository for the 

tnS e um Ug . . solllt,0 » an . d , a, *° f "<- the overflow from the rinse 
tank. Where the waste acid must be diverted to sewerage systems 
t is well to dilute it with copious quantities of water as i T flows i to 
he sewer and to flush the'latter' with fresh w *£ aft<5r thTllied 
solution has passed out. 

WASHING WITH ALKALINE SOLVENTS 

A number of alkaline materials, including solutions or mixtures 
of sodium hydroxide, sodium carbonate, trisodiu.n phosphate, borax, 
or similar substances, generally at temperature* of 100° F. or above 
have been used for washing apples and pears. 

in Pnn i riS r0X1(1 \ e01 ! im01ll} ' ClJ , lod ° aUstie SO(,a < "»«™ used alone 
I Zn 'T t0 \ PC1 ' Wnt ^ we j* ht « is 811 effective solvent 

volven* h»i W ■ wl :r' e , 1H : ba . SR • ^sidues are in- 

solved, but its use is attended with considerable dauber unless 

™^ S or, r n V1 r L • It iS f, 0t '■«™n»,ended for use by 

becansJ if ^i!" P ? ekln £ establishments. particularlV 

snZ ?ff V 1™ thorou g 1 nn *«"g very difficult and the caustic 
soda attacks the waxy coating of the fruit as well as the residue It 
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is particularly likely to injure russeted pears and should not be 
used on such varieties. 

Sodium carbonate, commonly called soda ash, or similar milder 
alkalis may be used with a fair degree of safety in concentrations 
of about 5" per cent by weight, but their full effectiveness is gen- 
erally obtained only when the washing solution is warmed to 100° 
F. or above. 

While the cleaning efficiency of the alkaline washes and their 
satisfactory use when employed under proper supervision and with 
proper care are fully recognized, experience has indicated that hy- 
drochloric acid is more easily used, is more economical, and is gen- 
erally preferable for the average grower or packer handling fruit 
with no particular residue difficulties. 

WARMING THE WASHING SOLUTION 

Raising the temperature of the acid solution gives increased 
cleaning efficiency in washing apples from which the residue can 
not otherwise be satisfactorily removed. The temperature of the 
solution for this purpose should be at least 80° to 85° F., preferably 
90° to 100° for consistently good cleaning. With such tempera- 
tures it is often found that without sacrificing cleaning efficiency 
the acid concentration can be materially reduced below that re- 
quired when the solution is cold. Often the saving in acid eon- 
sumption more than compensates for the cost of heating. 

The higher temperature in the solution seems to increase to a cer- 
tain degree the chemical reaction between the lead arsenate and the 
hydrochloric acid and causes a softening of the waxy or oily ma- 
terials on the surface of the apple, so that the residue can be more 
effectively reached by the cleaning solution. 

The acid solution at higher temperatures also reacts more rapidly 
with any metal parts exposed to it, and so the corrosion problem is 
somewhat increased by warming the washing solution. 

Experience has shown that there is no heat injury to mature apples 
and pears when they are exposed to washing solutions at tempera- 
tures of 100° F. or below for periods lip to two minutes, nor is there 
any significant increase in fruit temperature during that time. 
However, when temperatures higher than about 100° are used for 
more than two minutes there may be direct immediate injury to the 
fruit or injury that may appear later in storage. 

It is true that lots o*f fruit are sometimes washed in alkaline or 
acid washing solutions at temperatures as high as 110° F. It may 
be possible to do this without injury if the fruit has a waxy coating 
and if the cleaning operations are closely supervised. However, it is 
not recommended as safe, particularly for the reason that in order to 
maintain a considerable volume of washing solution at temperatures 
around 110° while cold fruit is passing through it is often neces- 
sarv to raise the solution to much higher temperatures at the begin- 
ning of the operation. In such cases also the temperature may go 
above 110° when the machine is idle and the first lots of fruit going 
into the washer when operation is resumed may be washed in very 
hot solutions, with resulting injury to them. 

It is not probable that warming the solution will be necessary in 
order to clean average lots of fruit satisfactorily, unless they carry 
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exeessive arsenical-residue deposits, have received applications of 
heavy-type oil sprays, or unless their -cleaning has been delayed 
after harvest until they have become very waxy. Under sueh con 
ditions warming the acid solvent may be very helpful if consistent 
cleaning to the world tolerance can not be obtained by any other 
means. J J 

The heating apparatus used should have sufficient capacity to 
maintain the washing solution at a temperature of at least 80° to 85° 
F., and temperatures of 90° to 100° may be required if the fruit has 
been heavily sprayed and is very waxy. Methods of warming the 
solution are described in the following paragraphs. 



CIRCULATION TIIROUOn COILS 



One of the least expensive methods of warming the solution is 
by circulating it through coils in an improvised stove. An ordi- 
nary 50-gallon oil drum, costing about $3 to $5, may be used as a 
stove by eutting a door in one end, laying it on its side on a fire- 
proof stand (such as a box of sand) and fitting a stovepipe into the 
upper side A eoil of l-n,ch wroiight-iroiv pipe is placed within 
the drum, bent so that it lines one side and the top of the stove, with 
the intake at the bottom of the stove and the outlet at the top thereby 
favoring the natural circulation of the liquid within the eoil If 
possible the pipe should be coiled into the desired shape rather 'than 

T±n by H th ° USP °A fltt V 1 ^ , The >™st possible sharp turns in the 
system, the use of bends in the p.pe instead of fittings, and the in- 
stallation of pipe uo smaller and not much larger than 1 inch in 

corZs on W S/ acillt » te T*™" 1 * °f the liquid and will minimize 
coirosion. Four or five turns of pipe in the stove should be snf- 
fieient, giving about 15 feet of heating eoil. Because of the corro- 
sive effect of the warm acid solution it will be necessary to replace 
the coil occasionally, but this expense should not exeeed"$5 

W «.° « }° C ° nV -% thc c 1 lean,n P solution from the tank to the 
heater, the former is tapped near the bottom. A small centrifugal 

dX P th„ r ne - e wv> ° r , T- fo " lth ho ^Power will be sufficient^ 
drive the liquid through the system and will make the heating pos- 
sible without an excessively high temperature of the acid in the'coils, 
thereby reducing corrosion. To secure circulation in some commer- 
cial washing machines one end of thc coil can be attached to the pipe 

to "SKI? hC ROI A • r0n ^ h ! pUmi> - When convection alone is reso? ed 
to for the circulation he temperature of thc acid in the coils becomes 
considerably higher than that in the tank, and the life of the coHs 
is considerably less. A petcock at the highest point in the pine 
whieh can be opened to allow the escape of entrapped air, w 11 fa^fli-' 

° f »* ^ ^natural circuit 
The total cost of such a system has been from $15 to $20 • 
Wood has been satisfactorily employed for fuel in the heater. If 
eoal is used, some sort of grate may be necessary. It will usually 
nouT TZl h ^« ^eufating warm ing ttfo acid solution 2 
eenerallv doo^nTK thC 18 *? This of h ^ 
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CIRCULATED IIOT WATER 

A modification of the system described above involves the use of a 
coil in the cleaning solution as well as in the heater. A water reser- 
voir is provided, usually above the stove, high enough to fill the pipes 
with water, and a pump is used to circulate the hot water from the 
coils in the stove through those in the tank. This system is gen- 
erally satisfactory, and both the pump and the coils will last longer 
than if the acid solution itself is circulated directly through the 
heating coil; but the efficiency is obviously not as great as in the 
system first described. 

STEAM COIL 

Where a small boiler can be provided economically, or where low- 
pressure steam is required for other purposes - , the solution can be 
warmed very efficiently by means of a steam coil carrying the steain 
to the acid-solution tank, which is drilled at the feeding end and at 
the bottom to receive a 1-incli pipe, preferably of lend, which is fitted 
to the iron delivery pipe. 

It is not necessary to build up a system of several coils in the tank. 
Usually the pipe is given a turn about the tank and is brought out 
at the end opposite to that at which it entered. The pipe should 
preferably rest on cleats in the bottom of the tank. Inlet and outlet 
valves are provided for controlling the flow of steam through the 
lead pipe in order to regulate the temperature of the cleaning 
solution. 

RELEASE OF LIVE 8TEAM 

Introducing live steam directly into the liquid has been found a 
convenient method of warming the acid solution. Condensation of 
the escaping steam tends slowly to weaken the acid, but this is not 
an insurmountable difiieulty and merely requires closer attention to 
maintenance of the required acid strength. 

ELECTRIC HEATERS 

It is now possible to obtain suitably prepared silver-plated electric 
heaters which can be used for warming the acid solution. These 
heaters are of the bayonet type and are made in 5 and 8 kilowatt 
sizes. The local power or electric supply company can usually 
obtain thein. They sell for about $28 for the 5-kilowatt size and 
$40 for the 8-kilowatt size. For heating a 200-gallon tank, two 
units, one of each size, should be installed to provide temperatures in 
the acid solution of at least 8C to 85° F. while 'cold fruit is being 
washed. Where higher temperatures are needed two 8-kilowatt 
heaters probably would be the better installation ; for machines with 
100-gallon acid-solntion tanks one 8-kilowatt heater should provide 
enough heat. These heaters are so made that by proper wiring 
either the entire heater or only one-half of it can be used; thus with 
an 8-kilowatt and a 5-kilowatt heater a range of 13. 10y 2 . 9, 6%, 4, 
or 2% kilowatts of electricity for heating is available. It is desirable 
to split at least one. of the units so that if the machine is stopped for 
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a time the solution can ho kept warm enough by aUowin* part of th* 
heating unit to operate continuously. n 1 

The installation of electric heaters usually requires a larger trans- 
former to giro, the power requirement and. of course, necessitates 
some extra wring, all of winch increases the expense of heating by 
this method. The operation of the heaters consumes considertbfc 
power the consumption hemg fairly close to their kilowatt ratine- 
so ,f the power rate is high the convenience of this method of heating 

. morp than offs ** by the additional cost as compared with that of 
using a stove and cods. The, latter equipment also provides ore 
heat for the packing room, which is a factor to be considered in co d 
weather, when the solution is most likely to he heated. 

ADDITIONAL INGREDIENTS IN THE WASHING SOLUTION 

KEROMENE MMWUHOft 

Where exceptional difficulty is encountered in washing apples be- 
cause of heavy spray-od deposits or much natural waxiness of the 
skin, the use of a kerosene emulsion added to the regular acid wash 
as been found helpful. The emulsion found most "satisfactory for 
tins purpose is made according to the following formula : 
Two and one-third pound* kaolin. 
One gallon water. 

Two gallons kerosene, prof or* My the odorless type. 

In making this emulsion a good mixing machine is essential . A 
small power-driven emulsifier or a stirring rod and propeller are 
satisfactory tor this purpose. This equipment is similar to but of 
a larger size than that used at soda fountains for stirring ce- ahi 
m k dnnlcs Any large tin or stoneware jar is suitable as a 
container for the emulsion. 

mwi*°'n ^ ad<l0(1 - t0 1 the u ,' ater a,Kl ttUo ™ d t0 *tand for 5 to 10 
minutes. The nnxer is then placed in the water and the kaolin find 
water arc mixed thoroughly. Finally the kerosene is added slow"v 
with continuous stirring. After the kerosene is all added the siiS 
should he. run for about two minutes to complete the en Sn 

Ihe emulsion should preferably he made up fresh ea • , thne • if 
this is impraet.eable it should at least he thoroughly stirred Sore 

in S"' 15 ,' 1 ? ll0i 4 a ' Cl * y 1 * , ' d m »y b « M ^ from most dealers 
m clay products. 1 he washed and ground material should be used 

made !vhl^ 0VO " 0W "? uWo » 8 - Ordinary emulsions of kerosene 
sini i o casein-hme. or casein-ammonia should not be used 

since these emulsifiers are attacked by the dilute hydrochloric Tcid 

onW ? 1 ;T n °/ muls,0n Wil1 ^ ive significantly 'increased efficiency 
only when the temperature of the cleaning solution is above ? ? 

im «1 d bC T e , d nt - th ° rat ' 4 of 1 to l V" £"o.,k of the emidsion to 
to v?f 2f Clean ', ng S ° lutiftn - of a loss of ken«ene due 

to volatilization and carry-over in commercial washers it will e 

e ^aTJin ir of/ont.nuous operation. This makes kero- 
difficuh to e?ean ^ hmitS lts " S ° to fruH «»* is very 



REMOVING SPRAY RESIDUE FROM APPLES AND PEARS 



17 



Use of the kerosene emulsion must be confined to those types of 
washers in which there is a distinct agitation of the solvent material. 
Dipping tanks and paddle-type flotation washers do not supply 
sufficient agitation. 

SALT 

Addition of 1 to 3 per cent of common salt to the hydrochloric- 
acid wash in many cases has resulted in much more thorough re- 
moval of the lead-arsenate residue. It increased efficiency of both 
cold and warm solutions, but the relative increase in removal was 
usually greater in cold solutions. The use of certain concentrations 
of salt also makes it possible to wash peal's in the flotation-tvpe 
washer, whereas without salt they will sink in the acid solution. 
Xo adverse effects on the keeping quality of the fruit as a result 
of the use of salt have been found. 

RINSING THE FRUIT 

Proper rinsing of the fruit is a very important part of the wash- 
ing process and can do much toward eliminating the danger of 
injury from soluble arsenic, acid burning, and decay. Three meth- 
ods of rinsing are suggested in the order of their preference. 

(1) Use of fresh water onlv for rinsing is the ideal condition, 
but can not always be attained where water is scarce and is some- 
times made impracticable by the construction of the rinsing section 
of the equipment, as in the modified paddle washer and dipping 
tank. Two or three gallons of fresh water to each box or bushel of 
fruit should be available, should be allowed to flow over the fruit, 
and then should be discarded. 

(2) In the recirculation of part of the rinse water the fresh water 
is best added as a final spray or flood over the fruit as it leaves the 
rinsing section, thus giving the fruit the benefit of a final rinse 
with water in which there is no carry-over of acid, soluble arsenic, 
or fungus spores. This water then" drains into the recirculating 
tank and is used over again. If possible the first rinse water passing 
over the fruit as it enters the rinsing section should be discarded. 
This prevents the larger part of the acid solution and spores on the 
fruit from being carried into the recirculated rinse water. 

(8) If the same rinse water is used continuously, some substance 
such as lime may be added to neutralize the hydrochloric acid car- 
ried over on the fruit and to render insoluble the arsenic remaining 
on the fruit after washing. Lime water can be made up by prepar- 
ing a stock solution of "milk of linio" by slaking 1 pound of fresh 
quicklime and adding water to make it up to 1 gallon. Usually 1 
trallon of this solution added to 50 gallons of rinse water is sufficient. 
If preferred, hydrated lime can be added directly at the rate of iy 2 
or possibly 2 pounds to 50 gallons of rinse water. Broken limestone 
placed directly in the rinse tank may also he used, but is less effective. 
Lime so used does not leave a conspicuous or undesirable residue. 
This method does not provide the desirable flushing off of fungus 
spores, and the process must he carefully watched to see that the lime 
does not become exhausted by the acid that is constantly being car- 
ried over. 
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Mere rinsing of the fruit in boxes in a tank, even if some fresh 
water is added, is generally not so satisfactory as the rinsing meth- 
ods mentioned above. In washing machines the fruit should generally 
be exposed to the rinsing at least half as long as to the acid. Where 
alkaline washes are used the exposure in the rinsing section should 
be equal to that in the washing section. The operator should give 
constant attention to keeping the rinsing section in good operatin" 
condition. It is not necessary to titrate the rinse water with the 
reagents used for testing the acid in order to determine whether it is 
becoming acid ; it is only necessary to taste the rinse water, as the 
tongue is sensitive to very small quantities of acid. If recirculated 
rinse water testes very faintly sour, and there is an adequate fresh- 
water rinse at the end, no particular apprehension need be felt pro- 
vided the water left in the stem or calyx ends of the fruit does not 
have an acid taste; but if the rinse water has a distinctly sour taste 
steps should be tnken immediately, either bv supplying more fresh 
water or by adjusting possibly faulty equipment, to remedy this de- 
ficiency and so to protect the storage life of the fruit. 



DRYING THE FRUIT 



If sound fruit is used and if the washing and rinsing operations 
are carefully done, drying the fruit is- not essential to protect its 
keeping quality, although it may be desirable in order to facilitate 
packing if fruit is to be wrapped and packed in boxes. In any event, 
traces of moisture do not impair the keeping quality of the fruit und 
the moisture usually disappears entirely while the fruit stands in 
storage, especially if it is wrapped. 

Where it is desirable to remove the adhering water from fruit that 
has been washed in a dipping, tank or in a flotation paddle washer, 
the fruit may be allowed to dry in the containers after it is taken 
from the washing equipment. The rate of drying under atmospheric 
conditions will depend upon the temperature and relative humidity 
ot the air and upon prevailing wind velocities, particularly if the 
containers are stacked in the open. 

It is sometimes possible to remove some of the excess moisture 
after washing in the dipping or flotation paddle machines by pass- 
ing the fruit through dry-cleaning equipment. In such cases the 
cloth wipers or the brush bristles should just touch the fruit, and 
the machine should be run fast enough to throw off the water drop- 
lets from the cleaners If this is done, it will not be necessary to 
replace the cloths or brushes as often as when the machines are 
operated for dry cleaning. This operation is also effective in remov- 
ing insect specking, dirt, and other residues that may not come off 
in the washing process. It may also give the fruit some degree of 
polish. ^ 

Several types of driers are used on commercial washing machines, 
und most ot thein are quite satisfnetory in removing sufficient mois- 
ture to permit satisfactory packing and to safeguard the keeping 
quality of the fruit. Three general tvpes are found ■ 

One type employs an air blast, which actually blows the water off 
mechanically. i,„ method of drying involving the evaporation of 
filter has proved successful. 
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Another type onuses contact of the fruit with either absorbent 
cloths or toweling which takes up the rinse water and from which 
the water is squeezed periodically by a rubber roller. Tlfis treat- 
ment is also effective in removing insect specking, dirt, and other 
residues not removed by washing. 

The third type employs rotating cylindrical brushes alone or in 
combination with metal rollers designed to remove the water. In 
the latter case the fruit may be polished in the drying process. 
While it is not generally essential, some packers prefer this polish 
where a slight lack of luster is found on fruit that has been through 
the washer. Any additional handling such as occurs when fruit is 
passed through a polisher may increase the risks of injury and 
therefore should be well justified and tested before it is done. 

EFFECT OF CLEANING METHODS ON KEEPING QUALITY 

While dry cleaning of apples can be done on a commercial scale 
in such a manner that there will be no exceptional loss from decay 
or deterioration in storage, there is a greater risk of damage than 
when washing methods arc used. Bruising; mechanical injury by 
dirty, waxy cloths or by conveyors in the equipment; spreading of 
decay contamination through microscopic cuts or iniuries to the 
skin by the smearing action of the wipers; puncturing by bristles in 
brush cleaners — all these are possible where dry-cleaning methods 
are used. 

The dry cleaning of pears is especially hazardous. This is par- 
ticularly true of tender-skinned varieties such as Cornice and Anjon, 
on which dry cleaning may produce skin scratches, abrasions, and 
stem punctures. The smaller pears are generally the most seriously 
affected, the injury being manifested as a dark discoloration of the 
skin accompanied by excessive wilting. This is due to abrasive 
action when the gritty ''stone cells" located just beneath the skin 
are pounded by the wiping cloths or brushes. 

The prevalence of rot is mainly dependent upon skin punctures 
and abrasions. The severity of these is, of course, determined by 
the character of the handling that the fruit receives. 

Mature apples and pears can be washed satisfactorily with dilute 
hydrochloric acid under commercial conditions without serious in- 
jury to the fruit, if certain precautions are taken. These are gen- 
erally simpler and may prevent rather serious injury which might 
occur if the washing were carelessly done. 

The possible injuries, which are considered in greater detail in 
the following paragraphs, may be classified as follows: Arsenical 
injury at the calyx or stem, hydrochloric-acid burning, alkali injury, 
chemical injury at the core, and heat injury. 

Two general suggestions for avoiding trouble may be given in 
addition to those already mentioned. All decayed specimens should 
be sorted out before the fruit is washed, to prevent them from con- 
taminating the washing and rinsing solutions. Fruit should not be 
left in the washing machines or dipping tanks during rest periods 
or when it is necessary to discontinue operation. This is especially 
imperative when warm cleaning solution is used. 
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Arsenical injury is usually localized in the calyx region although 
occasionally it is found at the base of the stem and rarely on the 
cheeks. -It appears as depressed black or dark-brown areas or spots 
and is sometimes followed by storage rots. The same type of in 
jury has also occurred on heavily sprayed apples while still on the 
trees during rainy fall weather, but it is more common on picked 
apples that are allowed to stand unprotected from the rain It has 
been observed on stored uncleaned fruit that was packed wet 
Arsenical injury of this sort on uncleaned apples is apparently due 
to accumulation of soluble arsenic from the arsenical sprays applied 
I Ins injury starts when moisture is present. The same type of 
arsenical injury occurs when spray residue is not completely removed 
from the deep calyx region, the disintegration of the lead arsenate 
to form soluble arsenic salts apparently beginning in the washing 
process and continuing under the influence of solvents or moisture 
retained on the fruit. 

Reasonably thorough removal of the spray residue, proper rinsing, 
and consistently changing the acid solution at the intervals already 
suggested will protect fruit against this trouble. The use of a final 
fresh-water rinse as the fruit leaves the washing machine is also 
essential tor removing traces of soluble arsenic. 

The addition of lime to the rinse water as a precautionary measure 
has been mentioned and may be desirable under certain conditions 
Inc lunc not only neutralizes the acid solution left on the fruit but 
also converts the soluble arsenic remaining on it into a form rela- 
tively insoluble and noninjurions to fruit. 

Hydrochloric-acid injury is distinguished from arsenical injury 
primarily by its lighter color and by its occurrence on any portion 
of the fruit surface rather than being confined principally to the 
calyx end. The injured parts usually have a bleached appearance, 
frequently accompanied by cracking through the center of the area 
Uie injured areas or spots may also become depressed with age and 
sometimes the presence of soluble arsenic causes portions of them to 
till 11 uIqck* 

Prolonged exposure to the acid solution and too high concentra- 
tion of the acid increase the risk of injury. Inadequate rinsing or 
g d ," f nr f n « ™I1 almost surely bring about acid injurv to the 
fruit although traces of aculity resulting from carrv-over. asalreadv 
mentioned, may be present in the rinse water without producing 
acid injury provided a final fresh-water rinse is applied Hydro" 
chloric-acid injury i S really caused by neglect or carelessness" and 
generally is not an important factor in commercial operations 

Alkaline solvents are difficult to rinse off and may cause arsenical 
injury. Furthermore, apples washed with alkaline solvents may 

tiTliL!^t m L h v Wm ^ dc ?° sit in *>* cal >' x b!lsin - apparently 
tlic eltect of the alkali on the pubescence in the calyx 

nrm?nw? na l ly th<> » lk!lline soluti ™ itself causes 'chemical injury 
around the stem or the calyx and sometimes at the lenticels as well. 
It is shown by the effect on the skin, which i„ the case of apples be- 
comes dry and papery, tightly stretched but seldom cracked and is 
often torn loose from the underlying fleshy tissue. The color is 
yellowish or brownish yellow, except when a considerable quantity 
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of soluble arsenic is present, in which case the color becomes dark 
brown or black. Alkali injury on pears is most often shown by dark 
spotting at the lenticels. Very careful rinsing will reduce this form 
of injury to a minimum and should make it of no practical signifi- 
cance, except on pears, for which the use of alkaline washes is not 
recommended. 

In some of the early types of washing machinery involving deep 
submersion of the fruit or the application of the solution in direct 
jets, some injury was caused by the penetration of the solvent into 
the core through open calyx tubes. Submersion to a depth of 4 to 
C inches may also result in penetration in some cases. This chemical 
injury is frequently followed by decay at the core. Open calyx tubes 
are more prevalent in certain varieties of apples and in very large 
fruit. 

When apples are submerged in solutions warmed to 100° F. or 
higher for periods of three minutes or longer there is considerable 
danger of their injury. The results of such injury usually appear 
within 10 clays or two weeks, in the development of cracks around 
the calyx, often continuing on to the cheek ; or the injury may appear 
soon after washing in the form of numerous cracks scattered over 
the surface, of the apple.s, particularly if a relatively high acid or 
alkali concentration has been used in the washing solution. The 
cracked skin is usually grayish or yellowish in color, resembling 
hydrochloric-acid injury, but is blackened if considerable soluble 
arsenic is dissolved in the cleaning solution. Apples are somewhat 
more susceptible to this type of injury at the time of harvest than 
after being kept for several weeks. None of the successful com- 
mercial washing machines requires exposure of the fruit for a period 
long enough to cause heat injury, but there is some danger of such 
injury when homemade washing equipment is used. 

By keeping the temperature of the cleaning solution at 100° F. 
or below and preventing excessively long exposure to warm acid, 
danger of heat injury can be eliminated. 

Aside from the rots which may follow penetration of the clean- 
ing solution into the core, or those occurring as a result of chemical 
or heat injury, loss from storage rots may be somewhat greater on 
washed fruit owing to the extra handling to which it is subjected. 
The most important factor in preventing loss from storage rots is 
careful handling of the fruit to avoid bruising or puncturing the 
skin. The hazard can also bo reduced by drenching the fruit with 
copious quantities of fresh rinsing water as it leaves the washing 
machine. 

It is the general conclusion of those familiar with the removal of 
arsenical spray residue from apples and pears that if the washing 
is done with proper equipment and with proper care, under desirable 
sanitary conditions, neither the market value nor the keeping quality 
of the fruit will be impaired; on the contrary, both are frequently 
enhanced. 2 



3 For further Information on the relation of washing operations to fruit Injuries, the 
render is referred to Technical ltulletln 24."., Arsenical and Other Fruit Injuries of Apple.s 
Returning from Washing Operations, Issued by the United States Department of Agri- 
culture. 
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TYPES OF WASHING EQUIPMENT 

If largo quantities of fruit are. to be cleaned under commercial 
conditions, it is generally advisable to purchase a commercial wash- 
ing machine. These may be obtained in capacities rsiurinir from 
about 400 to 3,000 boxes or bushels per day. Their cost will vary 
with the location and installation, but may bo expected to rano-e 
from about $,00 to $1,800 without freight charges. Information 




Fiiuke3,— .\ eommcrcl.il fruit-washing machine 

about them may be. obtnined directly from their manufacturers. Two 
types of commercial machines are shown in Figures 3 and 4 

\\ here smaller quantities of fruit are to be handled, as by a grower 
washing his own crop, two types of washing equipment, the paddle 
washer and a pair of dipping tanks, have been successfully used for 
3™ y T S - T , h0 f ° llowin S Paragraphs describe the construction 
and operation of such equipment. The total cost, of course will 




PlBlHE L—Another type 0 t commercial washing machine 



Sm^lt' d . iff0,, . e " c <* !" cost of material and labor and ,m,v 
tmd U on the y fann ng ° f machh ^ ° r ofte " 

PADDLE WASHER 

^fflrSn washer, simple enough in construction and 
low enough in cost to be practical for the grower with a small fruit 

n"S;.i S fand 7 ^ ^ ^^Zogwln 
in v i^mes 0 and i. This machine is a modification of the citrus 
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Figi'be 5— Modified paddle wssher 
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!» i w- de ^S. d b S thc P"^ 1 States Department of Agriculture 
in 192o and differs from the adaptation of that washer by the Oregon 
Agricultural Experiment Station (Circular of Information No 15 

ZlT^rn°Z! niite ? d ° f P flddles to tilkc «'e fruit from the 
tanks. Short lengths of conveyors in place of lift paddles are 



•Smaia-t i'ft—K 3'- 7" m 
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ftCMOisABLC Ikon Support 
rotrLoMfc/r Sfiytrr or Can v cyan 




Cross Seen on 
fAOOLC WHCCL 
VU!V ™ "•" nptalls of construction of modlflcd paddlP washer 



slightly more expensive, but thc elimination of the bmdinr and 

CONSTRUCTION OP CONVEYORS 

,™? 1 i ddle " t ^ e W1 ^! iers cu " be easily modified by removing the lift 
paddles and installing the lengths of slatted convcyo" shmvn in the 
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plans. The width of the eonveyors will depend upon the inside 
dimensions of the tank. The drive for the eonveyors will obviously 
have to be in the reverse direction from that used for the paddles, 
but this ehange can be aeeomplished by using a pair of reversing 
gears or by erossing the ehain as indicated in the drawings in Figure 
7. The eonveyor shown is about the shortest that will satisfactorily 
remove the apples from the tank. Machine bolts, nuts, and washers 
are desirable means of attaching the hardwood slats so that they can 
be removed easily. Iron bolts, nuts, and washers will last longer in 
the aeid than those made of brass. If the sprockets for this part 
of the equipment, and the driving meehanism as well, ean not be pro- 
cured from the factory with the faec of the teeth beveled to about 
30°, they should be ground before installing. If the teeth are left 
square, the ehain will hang to the sprockets, especially on the smaller 
sizes, resulting in a great deal of trouble in driving them. In mak- 
ing the slide around whieh the eonveyor moves, a slot should be made 
for the upper shaft in the side boards, as indicated also in Figure 7, 
to facilitate putting the eonveyor in place. 

The distances from the center of the upper shaft to the ton and to 
the end of the tank are important in delivering the fruit from the 
ends of the eonveyors. These distances as shown should be 2% 
inches from the top and 4 inches from the end of the tank. A piece 
of automobile tire inner tubing stretched at mi angle from the end 
of the eonveyor into the rinse tank will roll the fruit toward the end 
of the other conveyor and thereby reduce the ehanees of its being 
bruised by falling from the end of the conveyor on to fruit floating 
beneath in the rinse water. A chute made of %-inch boards resting 
on a %-inch erosspieee that is nailed to the top of the tank gives 
about the right height for delivering the apples from the eonveyor. 
A piece of 1-inch quarter-round molding nailed across the end of 
the chute, clearing the largest cleat by a quarter of an ineh, will aid 
in rolling the apples from the end of the eonveyor with a minimum 
of bruising. A pitch of about 2y 2 inches in 2 feet will keep the fruit 
rolling on the chute. The piece of molding and the ehute should 
be well padded with inner tubing or other material. The lower 
shaft of the eonveyor is hung from the sides of the tank with iron 
stripping and held in place by pins whieh fit into holes in the sides 
of the tank. This method of holding the conveyors enables them 
to be raised from the tanks when not in use, thus reducing the eor- 
rosion from the aeid and water, and facilitates cleaning the tanks. 
The elea ranee from the bottom of the tank to the large slats on the 
eonveyor should be about onc-bnlf ineh. A eonveyor speed of 10 
to 15 feet per minute will remove the fruit from the tanks fast 
enough to prevent its piling up. 

The approximate cost of material for one conveyor is about $12 
to $14, including ehain, sprockets, slats, screws, and shafts. 

CONSTRUCTION OF TANKS AND BUBMKBOEB PADDLES 

The tanks arc convenientlv made of 2 by 12 ineh material, with 
the acid tank 15 feet and the' rinse tank 5 feet long, making a length 
over all of about 24 feet, including both feeding and delivery ehutc*s. 
The inaehine described is only three boards wide, but if a larger 
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tried conduit p 1I?e , S dighUy eheapor than rJSl£ biff "iron £ 
galyamzed-iron pipe. This dimension refers to tl e ins de rl nnw 
of the pipe, the external diameter being slight v l«s than 

plumbing shop* Those 'i"^.^^^^^ 11*7 
inch pipes and can be fastened to them byTiv ng a pin n a hot 
drilled through the collar of the flange an/the Ji™ P h ° le 
l lie machine as shown is 42 inches hnrli Th{, fi^Lui • j , ■, 

enough to allow about 3 inches to hang on the f r ift as t s i 
through the tank, thus turning it as the cloths cKrJt, til \ 
while they move. _ These strips add "to the efBe encv "of tl e mnfi 8 

DRIVINO MECHANISM 

wTKJ^^t^^^ £• ^ -e based 
cm-rent Tt „ o- i ' ie\olutions per minute with a GO-evclfl 

month.' A lSr unit eoninnoS T B n m 8 test run °* «W a 

reduction gear wi^be a bo nt^ " ° f "P"**** 8 °' P«Heys, the 
extra sha&and t h eS£ of 4e°3 !Cal r hen the installation of 
tne cost of the additional gears or sprockets are 
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considered. The diameter, the number of teeth, and the speed of the 
sprockets and pulleys are shown in the plans. The change in speed 
produced by the use of different sizes of sprockets or pulleys is of 
course in proportion to the number of teeth or in proportion to the 
diameters of the pulleys. The specifications and approximate cost of 
the driving equipment are given in the list of materials. No. 32 
chain is used for driving, while the conveyor chain is No. 45-K-l 
attachment link chain. All sprockets are equipped with set screws 
instead of keys. 

If a gasoline engine is used as a source of power, a combination of 
sprockets or pulleys can be used to obtain the proper speed reduction. 

CAPACITY 

When built according to the accompanying specifications, the 
machine has a capacity of about 80 bushels an hour when the fruit is 
left in the acid solution for three to four minutes, which is about the 
desired time for most fruit. If the fruit is fed into the machine 
faster, more can be washed in a given time, the rate of feeding regu- 
lating the time in the acid and the resulting capacity. Increasing the 
speed to more than 80 bushels an hour is not recommended, and the 
machine should be built wider if it is anticipated that this capacity 
will not suffice. 

COST 

The material and equipment for the entire paddle-washer machine 
will cost about $100, including the motor and reducing gear. One 
carpenter should be able to build the tank and submerger paddles in 
about three days. The time necessary for putting the conveyor 
together and installing the driving mechanism will depend upon 
the mechanical ability of the individual, but the mechanism is simple 
enough to offer no great difficulty if the specifications are followed. 

LIST OK MATERIALS 
Lumber 

5 pieces 2 by 12 inches by 20 feet Ions, for tank sides niul bottom. 

3 pieces 2 by 12 Inches by 3 feet long, for tnnk ends nnd partition. 
10 pieces 2 by 4 inches by 3 feet 6 inches long, for legs. 

8 pieces 2 by 4 inches by 3 feet Y inches long, for cross brnccs to tnnk. 

4 pieces 1 by 4 inches by 10 foot iong, for bottom leg brnccs. 

2 pieces 1 by 4 Inches by 3 foot Y inches long, for bottom leg braces. 

5 pieces 1 by 4 inches by 4 feet 4 incites iong. for cross braces for legs, 
4 pieces 1 by 4 Inches by 2 feet 6 inches long, for conveyor slides. 

2 pieces 1 by 4 inches by 3 feet Y Inches long, for holders for eloth 
strips. 

32 pieces % by 10 incites by 2 feet 10 Inches long, finished, for snb- 
merger puddles. 

4 pieces 1 hy 6 inches by 2 feet 6 Inches long, for conveyor guards. 

0 pieces 1 by 6 Inches hy 6 inches long, for snbmerger puddle ends. 
10 pieces 2 by 4 Inches by 4 Inches long, hardwood, for bearings. 
40 pieces 1 by 1 inch by 2 feet 10 inehes long, hardwood, for conveyor 
slats. 

40 pieces 1 by % Inch by 2 feet 10 Inches long, hardwood, for conveyor 
slats. 

Total cost of lumber (Washington, D. C, prices) $1Y.00 
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Hardware, etc. 



%-inch tank bolts, 3 feet 7 Inches long, 3 at 35 cents «i 

Pipe for Rafting, 3 feet 7 Indies long, 5 pieces at 6 ce'nt'sTfoot"""" ' , 

Pipe for shafting, 2 feet 11 inches long, 2 pieces at 6 cents a foot" 2? 

Pipe for shafting, 10 inches long, 1 piece at C cents a foot * S 

%-ineh cast-iron pipe flanges, G nt 6 cents.. " " x5 

v 0, til ! ron raachl . ne screws - 1 inci > »°ng, 2 gross'nT 75 emits::::::"" 1 50 
nvJsS ffl^c^™.!!!!™.?..^ ,ons ' 2 Bross nt 95 WI,ts — ^ 

Driving mechanism : • - 5 

No. 32 detachable driving chain, 50 feet at 10 cents a foot * 5 00 

JSo. 4»-K-l attachment link chain for conveyor, 22 feet at 25~cents 

fl root _ 

Sprockets : - — o0 

For No. 32 chain, solid, set screw— 

12-inch sprockets, 33 teeth, %-ineh bore, 3 at $3.25. _ o 7 k 

3%-lnch sprockets, 10 teeth, %-lneh bore, 3 at $ 1.75 _ " s' ™? 

2- nch sprockets, 5 teeth, %-ineh bore> 3 at $1 35 ~- £ 
2-Inch sprockets 5 teeth, % or % inch bore, dependTng"on"size 

of reducer driving shaft, 2 at $1.35 o 7 n 

Tor No. 45-K chain, solid, set screw— 

3%-inch sprockets, 7 teeth, %-ineh bore. 8 at $1.70 is co 
Speed-reduction gear, 48-1 or 50-1 reduction with 4-inch o7¥u~-inci"i 
pulley, depending on motor speed of 1,750 or 1,450 revolutions per min- 
ute, respectively; cost $14 to $40, depending on size and make 25.00 

Total estimated cost of material and equipment 94, 39 

The speed-reduction gears of the larger size have driving shafts 
ot %-inch diameter, while the size transmitting one-sixteenth horse- 
power has a i/ 2 -mch driving shaft. In ordering the sprockets for 
this part of the driving mechanism, the specification of their bore 
should not be overlooked. 

The chain, sprockets, and speed-reduction gears can usually be 
obtained through a local dealer in hardware or farm machinery. 
Because of possible delays in getting the material shipped and dif- 
ficulties that may arise in making the machine, orders should be 
placed in ample time and the construction of the machine be<nm 
some time m advance of the packing season. 0 

DIPPING TANKS 

Dipping tanks are fairly satisfactory as homemade devices for 
washing pears. They are not recommended for apples except in an 
emergency when frrnt must be washed quickly and no other equip- 
meat « immediately available or if a grower fas only a small qmh- 
tity of apples to wash. The paddle washer previously described 
^"u? 1 !u * h ? mo ™<*<> ™*'»« <or apples. The saving in 
labor and the additional margin of safety that it provides more than 
compensate for its slightly greater cost 

If a considerable proportion of the apples have open calyx tubes, 
clipping tanks are not recommended unless they are modified to in- 

to /own^ 0 ,L e / hea , d TO y ,? r S ^. cin ? of %»' Kl ^ ich ™ kes ^ possible 
to lower the level of the liquid to the tanks. 

two^Sr* i „n t FieUre 8 ' ?1 dip t P inff tenk ^Hation consists of 
the riZ i J i^t" °™ use <* t OT acid solution and the other for 

excellent mefhnS' f ^ t0 * ether W ' lth ft s P line » an 

t£ f^id^l^^^ S^ 1 wnter P roof - Since the edges of 
tne boards must be finished, the grooves can be cut at the mill with 
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little extra cost. Three-eighths-iuch bolts are used to draw the tanks 
together; they arc fastened through the legs below the tank for the 
horizontal pressure and through 2 by 4's across the top and bottom 
of the tank for vertical pressure. Asphalt paint should be used on 
all seams and joints, because it is acid-proof as well as waterproof. 

The drain board should slope toward the acid-solution tank. Its 
floor is made of pieces 1 by 6 inches, laid flat. Strips 1 by 2 inches 
are nailed lengthwise on this floor every 6 inches, so that the liquid 
will flow back freely into the acid-solution tank. A similar drain 
board can be made at the end of the rinse tank, long enough to 
accommodate at least two boxes. The slides at the ends of each tank 
aid in getting the boxes into and out of the tanks and are conve- 
niently made of pieces 2 bv 4 inches, laid on edge. 

Some device for slightly submerging the boxes of fruit as they 
pass through the tanks will obviate the necessity of doing it by 
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Fiut'KK 8, — Dipping tanks 

hand. Two boards can be placed lengthwise in the tanks at the 
acid-solution level, and if fastened to the crosspiece at the feeding 
end of the tank by means of hinges their weight will suffice to keep 
the boxes slightly submerged as they are pushed through. When 
the modification of the dipping tank described in a following para- 
graph (p. 30) is used, with an overhead spray or sluice of liquid 
on the fruit, submerging the boxes in the acid solution is obviously 
not necessary. 

Ordinary apple boxes with slatted sides and fitted with easily 
removable covers arc good containers to use in the tanks. If the 
washing is done in the picking boxes or lugs, extra handling of 
the fruit is eliminated, thus reducing the labor required and mini- 
mizinrf the danger of injury to the fruit. If covers are used, they 
s"hould be removed when the boxes or higs reach the end of the rinse 
tank, where the fresh-water spray is located. 
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An exposure of from three to five minutes in the acid-solution 
tank and a similar period in the rinse is recommended foi cT ea „ ™ 
lots of fruit bearing average amounts of spray residue The lontl! 

fiflS* h Tt m th V a / k - *% ld bc about » when the tankl 

filled with boxes of fruit. Fresh water should flow into the rinsP 
tank by means of a spray or should flood over the fruit as itlmrll 
thermse tank. From 2 to 3 gallons of fresh water should be su? 
plied for every box of fruit washed. P 

CAPACITY 

The dipping-tank equipment described has a capacity of more 
than a carloacfa day, allowing for an exposure of ea P ch box of Suit 
2^Z2g&£ZSl£' ^ -lution and th/Sr 



COST 



from' $30 a S Xin^T ** ^dipping tanks will cost 

irom to *70, depending on local prices for lumber and labor. 

IJST OP MATKMALS 

iAi'iber 

?p SuS2 2 ' y i UCl ^° by 3 feet ,0 "~ for tun * legs 
8 Z * by 1 l" 0 ? 08 by 3 feet ,ong ' for cross brnees on tank 
? S o by 1 " C H es ' y i ? et lon - for sli « p * »» tank. 
J p lews 2 by 4 uehes by 3 foot long, for end drnln-board braces 

? ess ; sssa v.tt',i*s."a sasMsr- — 

l-lnch pipe for frexh-water spray. 

MODIFICATIONS 

imwjfeTeb I!!?' l ? th , C ir kl > operations the tanks can be set 

WtTn P k n fn?t tf- d S °-l Ut i° M hlt ° Pipes or a sluice box ovor ^e wash- 
ing tank and letting it flow over the fruit, mostly by gravity, has 

been found particularly helpful in increasing cleaning efficiency 
where electric power is available to operate the pump. This met od 
A ±U 8 < i? ,JP f Pin f treatment u with a »>odified spra? or flood TwaSi 
ser™ the purpose PUmP ^ ° S 18 U8ed f ° F fillin * Spra y tanks wiU 

,ohTt h nn e + pipeS aiG U ?x d) hol ? s iua y be bored in th em to allow the 
usocl Wh» ^^o^.the f™>t, or nobles of various forms may be 
bottom w M S u Ce b ° X 18 em J> lo y«d, slots or holes bored in its 

bottom will serve the purpose. In either case a screen should be 
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placed over the pump intake so that leaves, twigs, and sediment in the 
washing solution will not clog the pump or the openings for the 
liquid. An important advantage of this modification of the dipping 
tank is that pumping the liquid out of the tank and directing it over 
the fruit reduces the depth of the cleaning solution in the tank and 
thus lessens the danger of core penetration by the solution, without 
sacrificing any cleaning efficiency. 

Moving the boxes of fruit through the tanks has been facilitated by 
using ordinary roller conveyors, the acid solution not affecting them 
enough to prohibit their use. Belt conveyors driven by electric 
motors also have been used to carry boxes through the tanks. 

Another modification of the dipping tank has been made by in- 
creasing the width of the tank to give room for the installation of 
power-driven longitudinal paddles which throw acid into the boxes 
of fruit as they are pushed through on roller conveyors submerged 
about 8 inches. This method of getting the acid on the fruit is 
employed by one of the manufactured machines, and application has 
been made for a patent covering its use. 

COST OF REMOVING SPRAY RESIDUE 

While the cost of washing fruit will vary, of course, with the 
section of the country in which it is done, as well as with the -wash- 
ing method, the tonnage of fruit, the packing arrangements, and 
the character of the spray residues on the fruit, it may be helpful 
to indicate such costs approximately. 

In the Pacific Northwest the cost of washing a box or bushel of 
fruit will range from 1 to 2 cents for hand dipping in small lots and 
2 to 3 cents for the paddle washer to 3 to 4 cents for washing moder- 
ate tonnage in the commercial machines, with a proportionate reduc- 
tion per box as the tonnage is increased and the overhead costs are 
distributed over a greater number of boxes. 

Under eastern conditions the cost per bushel has generally been 
from 1 to 5 cents, with 2 to 2y 2 cents as a fair average. The cost of 
washing decreases as the amount of fruit handled increases; it also 
depends on the initial cost of the machine. The cost of washing 
5,000 bushels with a small commercial machine would be about 5 
cents a bushel, 2 cents with a paddle washer, and 2% cents for hand 
dipping. For 15,000 bushels the costs per bushel would be about 
2% cents for the commercial machine, 1 cent for the paddle washer, 
and 2i/o cents for hand dipping. Except in the case of hand dipping, 
the cost of labor is not materially increased because of washing. 
In arriving at the foregoing estimates, interest and depreciation on 
the investment, maintenance, and cost of water, power, and materials 
were considered. . 

While no actual cost estimates for dry-cleaning fruit arc available, 
snch figures as have been calculated from time to time have indicated 
that washing fruit is a more economical as well as a more efficient 
method of removing arsenical spray residues from apples and pears. 
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